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Outline

ÅOptimal power flow overview

ÅMoment relaxations

Å Investigation of feasible spaces

ÅExploiting sparsity

ÅConclusions
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Classical OPF Problem

Introduction
Rectangular voltage coordinates:
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Convex Relaxation

Relaxation does not find global optimum 

(non-zero relaxation gap)

Relaxation finds global optimum

(zero relaxation gap)

Decreasing objective

Non-convex

feasible 

space

Global

optimum

Local 

optimum

Introduction
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Convex Relaxation

Relaxation does not find global optimum 

(non-zero relaxation gap)

Relaxation finds global optimum

(zero relaxation gap)Introduction
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Convex Relaxation

Relaxation does not find global optimum 

(non-zero relaxation gap)Introduction
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Semidefinite Programming

ÅConvex optimization

Å Interior point methods solve for the global optimum 

in polynomial time

Recall: 

where      and      are specified symmetric matrices

Introduction
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Moment-Based Relaxations
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Preliminaries

ÅExploit moment-based semidefinite relaxations for 

polynomial optimization problems [Lasserreó10]

ÅDefine linear functional       of polynomials         and     

ÅDefine vector       containing all monomials up to order    

Moment SDP

where           and            are polynomial 

functions of 
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Moment-Based Relaxation

ÅThe order- moment-based relaxation is

Å Increasing     yields a tighter relaxation but has a 

computational cost

ÅRecover global optimum if                                      

[ localizing matrices ]

Moment SDP

[ moment matrix ]
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Two-Bus Example (First Order)

Moment SDP

[ moment constraint ]

(Eliminate        to enforce reference angle)

Lower limit of 0.9 per unit for voltage magnitude at bus 2:

[ localizing constraint ]
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Two-Bus Example (Second Order)

Moment SDP

[ moment constraint ]

(Eliminate        to enforce reference angle)
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Two-Bus Example (Second Order)

Moment SDP

[ moment constraint ]

(Eliminate        to enforce reference angle)
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Two-Bus Example (Second Order)

ÅLower limit of 0.9 per unit for voltage magnitude 

at bus 2:

Moment SDP

[ localizing constraints ]
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Feasible Space Investigation
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Test System Results

ÅFirst-order relaxation is exact for many problems
[Lavaei& Low ô12, Molzahn et al. ó13]

IEEE 14, 30, 57, and 118-bus test systems

Polish 2736, 2737, and 2746-bus systems in MATPOWER 

distribution

ÅBoth small and large example systems where 

first-order relaxation fails to be exact

Second and third-order relaxations globally solve many 

problems where first-order relaxation fails

Feasible Space
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Disconnected Feasible Space

Feasible Space

ÅTwo-bus example OPF problem  
[Bukhsh et al. ó11]

Feasible Space of 

First-Order Relaxation

Feasible Space of 

Second-Order Relaxation

Feasible Space of 

Second-Order Relaxation

13


